The animals were next trained on a similarity judgment task on brightness (Table 1) and then on color ( Table  Early visual experience is indispensable to shape the 2). Their task was to touch the one of the secondary maturation of cortical circuits during development [1] .
. Two secchips. They were presented together with a black chip ondary stimuli were presented at the upper right or upper against a background of Mondrian patterns ( Figure 3A) . left of the sample, respectively ( Figure 1A) . The lumiThe stimuli were illuminated by long-(636 nm), middlenance of one of the two secondary stimuli was identical (525 nm), and short-wave (470 nm) light. The light intensito the sample. Their task was to touch the secondary ties were adjusted so that a white chip (N9.5 in Munsell stimulus with the same luminosity as the sample. All color space) would appear white for human observers. Figures 3K-3N) . However, the vision of the colordeprived monkeys was very much wavelength dominated. They selected the yellow chip, not the red chip, as the target (Figures 3O-3R ), indicating that they could not compensate for wavelength composition. They showed no sign of improvement even 9 months after being moved to the normal-animal room.
The color-deprived monkeys could learn brightness matching but could not transfer the learned rule to color matching. For particular sets of stimuli, they could learn to judge color similarity as well as normal monkeys. But, their performance was quite different from those of normal animals when they were tested with other sets of color stimuli. Furthermore, the color-deprived monkeys exhibited severe deficits in the color-constancy task. The deficits were not restored even 9 months after being moved to the normal-animal room, suggesting the existence of critical periods for the development of normal color perception. The color-deprived animals were reared under the monochromatic illuminations where an object color was by no means visible. Objects changed their appearance depending on the identification task, color papers (Munsell patches) were used to create Mondorian patterns. In both cases, a transparent touch Subjects screen was placed in front of the stimuli. The monkeys sat with their A male and three female Japanese monkeys were used as control eyes 65 cm from the stimulus plane. In the matching to sample and animals. They grew up in a normal-animal room, where the sunlight the similarity judgment task, the sample was first presented. When shined into though windows in addition to the illumination of fluoresthe monkeys touched the sample, two secondary stimuli were precent lamps. Experimental animals were four female Japanese monsented at the upper left and upper right of the sample. The monkeys keys. They were reared in a separate room from 1 month after birth.
had to touch the correct target to receive a drop of grape juice. The room was illuminated by arrays of very high luminance lightThese three stimuli were erased when the monkeys touched one of emitting diodes (LEDs), the peak wavelength of which were 465, the secondary stimuli. The monkeys performed between 1000 and 517, 592, and 641 nm and half bandwidth were 26, 35, 18, and 18 5000 trials during each daily session. If correct responses exceeded nm. These LEDs were commercially available. Average luminance 95% for three consecutive days, the performance was regarded as of the floor was 103.5 lx. The wavelength was changed randomly reaching criterion level and the experiments proceeded to the next every minute so that all three different retinal cones would be actistep. vated in turn. There were lots of imitation flowers in the separate room. The monkeys could play with many colorful toys and dolls in Matching to Sample their home cages. A year after birth, they were moved to the normalThe monkeys were first trained on a brightness-matching task. The stimuli were black, gray, and white rectangles, the luminance of animal room and a series of experiments were carried out for 4 In the test phase, 90% of trials were randomly assigned as training trials and the remaining 10% as test trials. Training trials were exactly the same as those in the training phase. In test trials, 10 responses were obtained for all of the 20 chips, and every response was rewarded. The monkeys were also tested in another illumination where the intensity of long-, middle-, and short-wave light was adjusted so that the x and y values of a yellow chip would be the same as those of the red chip in the previous condition.
